liver injury was produced in mice by the immunological technique. The utility of these models as an immunopharmacological method was investigated. The first model was produced by the injection of anti-basic liver protein (BLP) rabbit antibody into DBA/2 mice that had been previously immunized with rabbit IgG. The second liver injury was caused by injection of anti-liver specific protein (LSP) rabbit antibody into DBA/2 mice. The third model was produced by the injection of bacterial lipopolysaccharide (LPS) into Corynebacterium parvum pretreated ddY mice. In all injury models, extensive liver parenchymal cell damage was estimated by elevation of glutamate transaminase (GOT and GPT) activity. These were confirmed by histopathological studies of the liver. Typical histopathological changes in the liver from injured mice were submassive hepatocellular necrosis and infiltration of granulocytes and lymphocytes into the portal tract and sinusoid in the necrotic lesion. Administration of prednisolone and cyclophosphamide for 10 days prior to injection of eliciting antibodies or LPS suppressed the elevation of serum transaminase levels in all experimental liver injury models. Cianidanol and sylibin inhibited the elevation of GOT and GPT in anti-BLP induced liver injured mice. These evidences suggest that the above models are suitable for investigating the remedy for liver diseases.
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There is much evidence that an immune reaction plays an important role in certain human liver diseases such as acute viral hepatitis, primary biliary cirrhosis and alcohol or drug induced hepatitis (1) (2) (3) (4) . For the treat ment of the above liver diseases, glucocor ticoids and immunosuppressive agents have been used and shown to be effective in con trolled trials. However, there are some restric tions to the use of these drugs for the treat ment of liver diseases because of their severe adverse effects. At present, other immunolo gical treatments, including immunomodulat ing agents with low toxicity, are desired. The efficacy of immunomodulating agents is, however, still inconsistent and inconclusive. One main reason for this may be related to the lack of a suitable experimental model for evaluating the efficacy. The present study, therefore, has been conducted examine the utility of three kinds of liver injury caused by immunological mechanisms in mice as a model for immunopharmacological research on liver diseases.
Materials and Methods

Animals
DBA/2, C57BL/6, ICR and ddY male mice weighing 18 to 20 g were used for liver injury experiments.
Male albino rabbits weighing 2.0 to 2.5 kg were used for the preparation of antiserum.
Drugs
Prednisolone acetate (Nippon Merck Ban yu, Tokyo) and cyclophosphamide (Shionogi, Osaka) were purchased. Cianidanol was kindly supplied by Dr. K. Ito (Kanebo, Osaka) and silybin was kindly supplied by Dr. K. Oohira (Taiyo, Gifu). Drugs were suspended in 0.2% carboxy methyl cellulose saline solution and adminis tered intraperitoneally (0.1 ml/10 g) for 10 days before injection of eliciting antibodies or LPS. Experimental liver injury A) Anti-basic liver protein (BLP) antibody induced liver injury: BLP was prepared ac cording to the method of Mafune (5) . In brief, DBA/2 mice liver homogenate was cen trifuged at 8,000 rpm at 4°C for 30 min. The supernatant was obtained and adjusted to pH 4.8 by addition of acetic acid. After removal of the precipitate by centrifugation, the BLP-rich fraction was precipitated with (NH4)2SO4 solution at a final saturation between 35-60%. The precipitated proteins were dissolved in distilled water and dialized against 0.005 M Tris-HCI buffer (pH 8.0). The solution was applied on a diethylamino ethyl (DEAF) cellulose column equilibrated with 0.005 M Tris-HCI buffer (pH 8.0). The BLP fraction was obtained by collecting pas sed effluent. The antiserum containing anti BLP antibody was obtained from rabbits which had been immunized by injection of 1.0 ml of an emulsion containing 300 icg BLP and complete Freund's adjuvant (CFA) intramusculary 4 times weekly. Antiserum was obtained 7 to 10 days after the last in jection and absorbed with homologous erythrocytes and kidney homogenate after inactivation of complement at 56°C for 30 min. Liver injury was induced by a method similar to the previously reported method used for induction of glomerulonephritis (6) . DBA/ 2 mice were immunized by an intraperitoneal (i.p.) injection of 0.5 mg rabbit IgG (RGG) emulsified with 0.25 ml of CFA. Five days later, 0.6 ml of antiserum containing anti BLP antibody was injected intravenously (i.v.). In order to evaluate the severity of the symptoms, blood samples were collected at 18 hours after injection of anti-BLP antibody and measured mainly for activities of glutamic pyruvic transaminase (GPT) and glutamic oxalacetic transaminase (GOT) in serum. In some experiments, activities of alkaline phosphatase, lactic dehydrogenase, choline esterase and leucine aminopeptidase and amounts of bililubin, cholesterol, albumin and total protein were also measured by an automatic serum analyzer (Hitachi 705). Pathological changes in the liver were evalu ated in a semiquantitative fashion after stain ing with hematoxylin and eosion.
B) Anti-liver specific protein (LPS) an tibody induced liver injury: LSP was purified from DBA/2 mouse liver according to the method of Mcfarlen et al. (7) . A 105,000 g supernatant of 50% (W/V) liver homogenate in 0.25 M sucrose was used as the starting material for the preparation of LSP. Super natant was then applied to a column of Sephadex G-100 (gel bed, 90X2.5 cm) which had been previously equilibrated with 0.1 M Tris-HCI (pH 8.0) containing 0.2 M NaCI and 1 mM disodium EDTA. The column was eluted with the same buffer, and the first peak was collected as a LSP-rich fraction used for liver protein immunogen. Anti-LSP antibody was prepared according to the same method as described above (anti-BLP antibody). Anti LPS antibody induced liver injury was caused by the injection of 0.6 ml of antiserum into DBA/2 mice. In this case, since preimmuniza tion with RGG did not accelerate the develop ment of disease, the liver injury was caused by the injection of antiserum alone. The animals were sacrificed 48 hours after the in jection of antiserum for testing the changes of serum parameters and his to pathological changes of the liver. The severity of liver in jury was evaluated by the same method as described above.
C) Corynebacterium parvum (C. parvum) and Iipopolysaccharide (LPS) induced liver injury: LPS-induced liver injury in ddY mice that had been pretreated with C. parvum was induced by the method of Ferluga et al. (8) . In brief, 1 mg of C. parvum suspended in 0.5 ml saline was injected i.p. into mice; then 9 days later, LPS at a concentration of 10 fg/ 0.5 ml saline was injected i.v. The animals were killed by exaguination 2 hours after chal lenge for testing the severity of the disease. Evaluation of the severity of disease was carried out by the same method as described above.
Statistics
Results were statistically evaluated using Results Anti-BLP antibody-induced liver injury: After an injection of anti-BLP antibody, the elevation of GOT and GPT activities was ob served in two strains of mice, C57BL/6 and DBA/2, but was not observed in strains ddY and ICR. In addition, the elevation of serum GOT and GPT activities and histopathological changes in the liver (mainly massive hepato cellular necrosis and infiltration of granulo cytes into the necrosis lesion) were acceler ated by preimmunization with RGG and CFA. From the results of these preliminary experi ments, the following experiments were con ducted in DBA/2 mice which were preim munized with RGG and CFA. Table 1 shows the changes of serum parameters in mice with liver injury. Clear elevation of GOP, GPT and LDH activities and decrease in the amount of bilirubin and albumin were observed. Figure 1 is the histopathological findings of the mouse liver with anti-BLP antibody in duced liver injury. Focal hepatocellular necro sis and infiltration of granulocytes into the sinusoid in the necrotic lesion were observed. Histopathological examinations on lung and kindeny were also carried out. No signifi cant change was observed in either of the tissues. The effects of prednisolone, cyclo phosphamide, silybin and cianidanol on this experimental liver injury were also studied (Fig. 2) . By intraperitoneal administration of each drug, elevation of both GOT and GPT activities were clearly inhibited. In histo pathological studies, prednisolone, cyclo phosphamide and silybin showed a tendency to inhibit the pathological changes of the liver.
Anti-LSP antibody induced liver injury: From the preliminary experiments, the preim munization with RGG did not affect the onset of liver disease. This injury model was, there fore, caused by antibody alone. Table 2 shows the changes of serum parameters in anti-LSP antiserum (1.0 ml) treated mice. Clear eleva tion of GOT, LDH and LAP activities and the amount of bilirubin and triglyceride was ob served by the injection of anti-LSP antibody. Significant decrease of ALP activity was also observed. (5 and 10 mg/kg/day), silybin (100 and 300 mg/kg/day) and cianidanol (500 and 1000 mg/kg/day) on the elevation of serum GOT and GPT activities induced by anti-BLP antibody after the preimmunization with RGG. Each drug was administered for 10 days before the injection of anti-BLP antibody. Nor, Normal; Cont, Control. *: P<0 .05, t: P<0.01. Table 2 . Change of serum biochemical parameters on anti-LSP antibody-induced liver injury in mice Figure 3 shows the histopathological find ings of the mouse liver with anti-LSP antibody induced liver injury. Focal hepatocellular necrosis and infiltration of granulocytes into the portal tract and sinusoid in the necrotic lesion were observed. No significant histo pathological change was observed in the lung and kidney. The effects of prednisolone, cyclophosphamide, silybin and cianidanol on this experimental liver injury were studied (Fig.  4) . Prednisolone and cyclophosphamide in hibited the elevation of both GOT and GPT activities.
Contrary
to the above two agents, silybin and cianidanol did not affect the eleva tion of serum transaminases. In the histopa thological studies, no significant difference between the control and drug treated groups was observed. Fig. 3 . Liver of mouse that was treated with anti LSP antibody. The mouse was sacrificed 48 hours after the injection of antiserum. Hematoxylin and eosin. x95. Fig.4 .
Effect of prednisolone (10 and 20 mg/kg/day), cyclophosphamide (5 and 10 mg/kg/day), silybin (100 and 300 mg/kg/day) and cianidanol (500 and 1000 mg/kg/day) on the elevation of serum GOT and OPT activities induced by anti-LSP antibody.
Each drug was administered for 10 days before the injection of anti-LSP antibody.
Nor, Normal; Cont, Control. "`: P<0.05, t: P<0.01.
LPS-induced liver injury in C. parvum pre treated mice: The symptoms of liver injury in terms of the elevation of serum transaminase and histopathological changes of the liver were exacerbated by increasing each amount of C. parvum and LPS. From the results of pre liminary experiments, the most suitable con dition for the onset of disease was the i.v. in jection of LPS at a dose of 10 /cg after the i.p. injection of C. parvum at a dose of 0.5 mg. The changes of serum parameters are indicated in Table 3 . Significant elevation of GOT, GPT, LDH and LAP activities and bilirubin, tri glyceride and total protein levels were ob served. Figure 5 shows the histopathological findings of mouse liver with LPS induced liver injury. Focal necrobiosis and increased in flammatory cell filtration in the periportal tissue were observed. Similar changes were observed in the spleen, but not in the lung and kideny. The effect of drugs on the elevation of GOT and GPT in LPS induced liver injury mice is indicated in Fig. 6 . Prednisolone, cyclophosphamide and cianidanol inhibited the elevation of transaminase activities, but silybin did not affect the elevation. 
Discussion
The results reported here indicate that three immunological liver injuries caused by anti-BLP antibody, anti-LSP antibody and bacterial LPS are suitable models for im munopharmacological research of liver dis eases. The primary basis for the validity of these models is the effectiveness of agents which are used for the clinical treatment of liver disease in these pharmacological models. Moreover, another reason is that these models are produced by immunological procedures. In previous pharmacological studies, chemical compounds such as CC14, galactosamin and a-naphtyl isothiocyanate induced liver injury models were mainly used (9-12). However, some reports indicated a few problems utiliz ing these chemically induced experimental liver injuries as a model for pharmacological research (13, 14). The major problem seems to be related to the reproducibility and quanti tative analysis of experiments.
Moreover, as is well-known, immunologic mechanisms play a very important role in the onset and development of certain liver diseases such as acute viral hepatitis, primary biliary cirrhosis and alcohol or drug induced hepatitis, so a suitable experimental liver disease model caused by immunologic methods is highly desirable (1-4) .
Regarding the immunologi cally induced model, experimental hepatitis has previously been produced by immuniza tion with homologous liver antigen or in jection of heterologous anti-liver antibody (15-19). However, most of these are models for research in pathology or biochemistry, and no attempt has been made to use these models as a pharmacological tool. Moreover, the above studies were carried out by using an unpurified antigen. In the present study, therefore, we tried to evaluate immunological ly induced liver disease by employing anti body against specific liver proteins in mice as a model for pharmacological study. Among the present models, anti-BLP anti body induced liver injury is a useful tool for evaluating the efficacy of an immunomodu lator. This model was produced by using heterologous anti-liver protein antibody after the immunization with heterologous im munoglobulin (RGG). By the preimmuniza tion with RGG, the onset of disease is ac celerated, so that drug efficacy can then be evaluated. Contrary to the anti-BLP antibody induced liver injury model, the anti-LSP anti body induced model was produced by the injection of an antibody without the preim munization with RGG. Whereas the clinical signs and histopathological features were similar in these two models, the drug efficacy, especially that of an immunomodulator, is different between the two models. This may be due to the presence or lack of an antibody production stage. Regarding the liver injury caused by LPS and C. parvum, Ferluga et al. (8) reported that this model is suitable for studying the pathogenesis of hepatitis and the remedy for hepatitis. The present study, however, indicated that this model is also insufficient for investigating agents with an immunomodulating property. Fig. 6 . Effect of prednisolone (10 and 20 mg/kg/day), cyclophosphamide (5 and 10 mg/kg/day), silybin (100 and 300 mg/kg/day) and cianidanol (500 and 1000 mg/kg/day) on the elevation of serum GOT and GPT activities induced by LPS after the injection of Corynebacterium parvum.
Each drug was administered for 10 days before the infection of LPS. Nor, Normal; Cont, Control. *: P---_0.05, t: P<0.01.
At present, specific drugs are not yet available for the treatment of liver disease. Nonspecific anti-inflammatory drugs and oc casionally immunosuppressive drugs such as glucocorticoids and cyclophosphamide sig nificantly suppressed the development of liver injury. In addition, cianidanol and silybin which are reported to have an immuno dulating activity, show similar suppression on RGG accelerated anti-BLP antibody induced liver disease.
Cianidanol is reported to be effective in viral hepatitis by modulating the immune response against the hepatitis virus (20, 21). Further study will elucidate the utility of immunomodulators for the therapy of liver disease. More detailed experiments are being planned to develop new agents for the treatment of liver disease by utilizing these experimental models.
